Abstract: Effectiveness in creation process of virtual organizations (VO) is an important condition for the possibility of having truly dynamic VOs, in response to collaboration opportunities in fast changing market contexts. A realistic approach to materialize agility in VO creation is with the assumption of a VO Breeding Environment (VBE); that guarantees the preparedness of its members to quickly get engaged in collaboration processes. A discussion of the process and suggested functionalities towards a VO creation framework and VBEs are presented in this context.
INTRODUCTION
The concept of virtual organization (VO) represents one of the most discussed examples of collaborative networks, which has raised considerable expectations in many application domains. The possibility of rapidly forming a VO, triggered by a business opportunity and specially tailored to the requirements of that opportunity, is frequently mentioned as an expression of agility and survival mechanism in face of market turbulence. The same idea is also very appealing in other non-business oriented contexts. An extreme is, for instance, the incident management and disaster rescuing processes, when it is necessary to very rapidly engage and coordinate activities of a large number of entities (e.g. fire brigades, police, hospitals, local government, non-governmental organizations). This very idea of groups of organizations being able to rapidly configure themselves into some form of mission/goal-oriented collaborative form embeds the notion of great agility.
Finding the right partners and establishing necessary conditions for starting the collaboration process has however proved to be costly in terms of time and effort, and therefore an inhibitor of the aimed agility. Among others, obstacles include lack of information (e.g. non-availability of catalogs with normalized and updated profiles of organizations), lack of common collaboration infrastructure, and lack of preparedness of organizations to join the collaborative process. Overcoming mismatches resulted from heterogeneity of potential partners (e.g. in ICT infrastructures, corporate culture, methods of work, and business practices) require considerable investment; building trust, a pre-requisite for any effective collaboration, is not straight forward and requires time.
Furthermore, partners' selection is not simply an "optimization" problem. More than a matching process based on potential and abilities (e.g. competencies and capacities), many other factors, some of them of subjective nature (e.g. personal preferences and established trust based on previous experience) suggest that fully automated processes are not at all a realistic approach. It is rather preferable to conceive a computer-assisted framework to help the human planner in making decisions.
The IST ECOLEAD integrated project (CamarinhaMatos et al., 2005b) , which involves 20 partners from 14 countries in Europe, Brazil and Mexico, is designing and developing a VO creation framework to minimize the mentioned difficulties by conceiving the VO creation within a VO Breeding Environment context. After a brief analysis of the possible approaches and related work, the following sections summarize the approach being followed in ECOLEAD as well as the preliminary results of this ongoing initiative.
VO CREATION CONTEXTS

VO creation in different contexts.
The assumption in many early works on VO creation was that partners could be quickly identified and selected from the wide open universe of available enterprises / organizations, and engaged into a collaboration network. This assumption however overlooks a number of important obstacles in this process among which the following can be mentioned: How to know about the mere existence of potential partners in the open universe and deal with incompatible sources of information? How to acquire basic profile information about organizations, when there is no common template or standard format? How to quickly establish an interoperable collaboration infrastructure, given the heterogeneity of organizations at multi-levels, and the diversity of their interaction systems? How to build trust among organizations, which is the base for collaboration? How to quickly develop and agree on the common principles of sharing and working together? How to quickly define the agreements on the roles and responsibilities of each partner, to reflect sharing of tasks, the rights on the produced results, etc.?
The situation is not too critical in the case of longterm collaboration processes not limited to a single business opportunity, such as in the case of supply chains (case A in Fig.1 ). In this case the costs (and time) of preparation for collaboration are affordable given the long term perspectives. On the other hand (case C in Fig.1 ), for some specific niche sectors in which all actors share the same or compatible tools, business culture and practices, it is possible to quickly form a consortium even for a short-term single opportunity. 
Fig. 1. VO creation in different contexts
For the other cases the situation is much more critical. Particularly when the window of opportunity is short, in order to support rapid formation of collaborative networks it is necessary that potential partners are ready and prepared to participate in such collaboration. This readiness includes common interoperable infrastructure, common operating rules, and common cooperation agreement, among others. Collaboration also requires a base level of trust among the organizations. In this case a working solution is the creation of a long-term association of entities that prepare themselves to cooperate whenever an opportunity arises. This association is a VO Breeding Environment (VBE) ; Camarinha-Matos, Afsarmanesh, 2003 , Camarinha-Matos et al., 2005b for the creation of dynamic VOs (case B in Fig. 1 ). The approach discussed in this paper is focused on VO creation in a breeding environment.
As in the case of organizations, a similar long term association can be formed with professionals, in which case it is called a Professional Virtual Community (PVC) (Camarinha-Matos, Afsarmanesh, 2001 Afsarmanesh, , 2003 . One example could be an association of free-lancer knowledge workers. When a business opportunity happens (e.g. a consultation activity), similarly to the VO creation, a temporary coalition of experts -a Virtual Team (VT) -could be rapidly formed according to the specific needs of that business opportunity.
Approaches for VO creation.
From a methodological point of view two main situations in VO creation can be considered:
(i) Designed VO -once a collaboration opportunity is detected by a VBE member playing the role of broker, a top-down process is launched for the VO design and creation.
(ii) Emergent VO -in this case the broker would announce the collaboration opportunity to the VBE members and then would simply wait for the emergence of potential candidate consortia. In the end, the broker, perhaps in interaction with the customer, would choose the most suitable consortium.
In both cases, three approaches are so far addressed in the R&D as alternatives for VO creation: (i) Manual or assisted approaches in VO creation. These approaches are derived from the traditional methods adopted in working group creation for big organizations or for extended enterprises, mostly based on "competency" matching.
A typical difficulty is the access to reliable profile and performance information as well as the time spent with the preliminary filtering of potential candidates. An earlier example of attempt to move from a manual approach to a computer assisted one can be found in the PRODNET project (Camarinha-Matos, Cardoso, 1999) . The VO partners' search and selection activity shares several similarities with the classic electronic procurement. Both areas require the identification of potential suppliers / partners to be addressed, the adoption of normalized specification of requirements and bids, management of directories of potential partners, management of bids, and decision support functionalities.
(ii) Multi-agent based approaches. A growing number of works are being published on the application of multi-agent systems and market-oriented negotiation mechanisms for the VO formation (CamarinhaMatos, Afsarmanesh, 2001 ).
One early example can be found in (Rocha, Oliveira, 1999) . This work assumes a virtual market place where enterprises, represented by agents that are geographically distributed and possibly not known in advance, can meet each other and cooperate in order to achieve a common business goal. A MAS architecture is proposed to model the electronic market to support the formation of the VO. In addition to the agents representing the enterprises, there is a market agent -coordinator or broker -that is created and inserted in the MAS community when a business opportunity is found. A multi-round contract-net protocol is followed and the most favorable bids are selected based on a multi-criteria mechanism and constraint-based negotiation. Examples of considered criteria are lower-cost, higher quality, higher availability, etc. Utility values are associated to each of these criteria and a linear combination of attribute values weighted by their utility values is used. Multiple negotiation rounds can take place. At the end of each round bidder agents receive indication whether their bids are wining or loosing and a rough qualitative justification, allowing them to change the parameters of their proposals.
A similar work is found in (Li et al., 2000) where a more detailed analysis of the problem of goal decomposition, leading to a hierarchy of VO goals, is done. In addition to the enterprise agents and VO coordinator agent (broker), an information server agent is introduced to keep public information related to common organizational and operational rules, market environment, enterprises and products / services provided, etc. The need for a common ontology to support the communication among agents is explicitly introduced and a multi-attribute, constraint-based negotiation / selection process is implemented. The work described in (Shen, Norrie, 1998) identifies the need for yellow pages agents that are responsible to accept messages for registering services. They also consider the concept of Local Area, a quasi-physical division of the network that can be controlled by a local area coordinator. This is a similar concept to the Local Spreading center first introduced by the HOLOS system (Rabelo, Camarinha-Matos, 1994) , (Rabelo et al., 2000) . Finally (Kaihara, 1999) elaborates further on the application of market-oriented principles, such as the general equilibrium in micro-economics. 
. Multi-agent approaches in VO creation
More recent works have attempted to progress with new negotiation protocols, auction mechanisms, distributed matching processes, learning, etc (see Fig.  2 for a brief historic overview). In order to improve the effectiveness of the contracting process and to dynamically form VOs, the need to develop forms of e-contracting has also been identified. Several significant characteristics for the e-contracting process can be found in (Angelov, Grefen, 2003) . These proposals are however still limited by a number of factors which affect their practical implantation including: (i) Lack of common standards and ontologies, a situation difficult to overcome in a general "open universe" of enterprises; (ii) None of these proposals takes properly into account more subjective facets (soft computing issues) like trust, commitment, successful cooperation history, etc.; (iii) In general they pay little attention to the implantation aspects and the management of the yellow pages / market place; (iv) Security issues in the negotiation process are not addressed, which is a critical point as the agents are only partially cooperative (they might be self-interested, competitive, and even exhibit antagonistic behavior). On the other hand, the attempt to reach a fully automated decision-making process, although an interesting academic exercise, is quite unrealistic in this application domain. Furthermore, as agents are designed and developed independently, it is quite difficult to guarantee their coordination unless common rules ("social laws") are adopted. Agentbased approaches can lead to an interesting simulation tool, but this technology has not reached yet a maturity level to be used in VO creation applications.
(iii) Service-federation approach or implicit VO creation. According to the service federation approach, companies (potential members of the virtual organization) are considered as "service providers", i.e. the potential collaborative behavior of each company is "materialized" by a set of services (Afsarmanesh, Camarinha-Matos, 2000) . The approach assumes the existence of one entity that keeps a catalog of services where service provider companies publish their service offers. This entity is sometimes called a "service market", a "service promoter node", or even "service portal". Regardless the different implementation approaches the general three major functions -publish, discover, invokeare usually considered.
This approach reflects an indirect partners' selection -what is selected is the service (not the provider), i.e. the immediate task is the composition (or orchestration) of complex services based on simpler ones, not the consortia. Partners are implicitly selected via the specific services that are chosen. One example of this approach applied to the tourism sector can be found in (Afsarmanesh, Camarinha-Matos, 2000) . Another example is given by the OSMOS project (Camarinha-Matos et al., 2005a) .
Although the "popularity" of the web services paradigm gives this approach considerable relevance, there are still a number of limitations in the current service model including: Are services always available? Which underlying business model and how is the workload balanced? What is the level of awareness of the service provider? What are the levels of visibility and access to services? Are there dependencies between services? Can all skills be represented as services? In terms of practical application, most example developments so far are for e-commerce, not for collaborative activities.
One important feature for the service catalog is the opportunity to provide the broker with an intelligent search / selection filtering lookup functionality based on the services attributes. Another main issue is the access rights, that is, who are allowed to access the information in the catalog. The service providers shall keep the autonomy and the right to specify whom and under which conditions has access rights to their registered services. A mechanism of accounting / billing may also be associated to the services. As a challenge, mechanisms of context managementlocation, access channel (e.g. PC, PDA), type of user -can be developed in order to adapt the catalog's visibility accordingly to the usage context. -Establish the base trust for organizations to collaborate in VOs, by gathering/preparing the credibility records of organizations, as well as the definition of proper credit-assignment principles.
VO BREEDING ENVIRONMENTS
-Reduce the cost/time to find suitable partners for configuration of the VOs.
-Assist with the creation, reaching agreements, and contract negotiation for establishment of VOs.
-Assist with the dynamic reconfiguration of the VOs, thus reducing the risk of big losses due to some organization failures.
-Provide some commonality for interaction by offering: (i) Base ICT infrastructure (for collaboration), thus reducing the set up times during the VO formation; (ii) Cooperative business rules (measured by the developed common metrics to evaluate member's credibility & performance); (iii) Template contracts for involvement in VOs (samples are provided for VOs); (iv) Base ontology for the sector (incrementally developed within the VBE).
Additional reasons that could lead an enterprise to join a VBE can be seen in Fig. 3 . See also (Smith, 2003) . -VBE Member -this is the basic role played by those organizations that are registered at the VBE and are ready to participate in the VBE activities.
Market-related reasons
-VBE Administrator -performed by the organization responsible for the VBE operation and evolution, promotion of cooperation among the VBE members, filling the skill/competency gaps in the VBE by searching and recruiting/inviting new organizations into the VBE, daily management of the VBE general processes, conflict resolution, preparation of a bag of VBE assets, and making common VBE policies, among others.
-Opportunity Broker or simply Broker -performed by a VBE actor (a VBE member organization or an individual representing a VBE member) that identifies and acquires new collaboration opportunities (of business nature or others), by marketing VBE competencies and assets and negotiating with potential customers. There is also the possibility of this brokerage function being played by an entity outside the VBE as a service to the VBE.
-VO Planner or business integrator -performed by a VBE actor that, in face of a new collaboration opportunity, identifies the necessary competencies and capacities, selects an appropriate set of partners, and structures the new VO. In many cases the roles of opportunity Broker and VO planner are performed by the same actor.
-VO Coordinator -performed by a VBE actor that will coordinate a VO during its life cycle in order to fulfill the goals set for the collaboration opportunity that triggered the VO.
The life cycle of the VBE represents all the stages that a VBE may go through, from its creation stage, to its operation, and possible dissolution. In fact VBE, being a long-term alliance, and considering its valuable bag of assets gradually collected in the VBE, its dissolution is a very unusual situation. Instead, it is much more probable that the VBE goes through another stage, a so called metamorphosis stage, where it can evolve and change its form and purpose. On the other hand, it is the case that only during the operation stage of the VBE, the VO can be created.
Since only recently VBEs became object of attention for which there are so far no defined "reference models", to address their different aspects including their behavior, structure, topology, cultural/legal framework, etc., there are no clear definitions of what exact activities are associated with the VBEs, that need to be supported by their management system. However, several examples of the traditional industry-based VBEs (clusters, industry districts) can already be found in practice that can be used as a source of inspiration, e.g. the cases of Virtuelle Fabrik (Plüss, Huber, 2005) and Iecos/ITESM (Mejia, Molina, 2002; Galeano et al., 2005) . Defining a comprehensive and generic "reference model" for VBEs is very challenging. Nevertheless, with basis on the initial empiric knowledge that can be gathered from existing cases (Fig. 4) (Afsarmanesh, CamarinhMatos, 2005) , it is realistic to gradually define a "reference framework for VBEs".
State of the Art VBEs
Improved 
Fig. 4. Examples of studied VBEs
Furthermore, simultaneous to the definition of this reference framework, our approach is to design a system architecture for the VBEs management, defining models of its components as well as methodologies and mechanisms to support its behavior. Earlier studies performed by several members of the ECOLEAD consortium in some other VO related projects are used as the starting point. So far, with the initial studies in ECOLEAD including more than 30 VBE cases and future scenarios, the following general base required functionality are identified for different stages of the VBE life cycle:
Base functionality supporting the VBE creationThis phase includes two main steps: (1) initiation / recruiting, which requires the establishment and setup of a common base infrastructure, recruiting potential organizations to join the VB, and establish some base ontology / thesaurus of the domain, to establish the vision and strategic objectives of the VBE are defined; (2) VBE foundation, requiring support for parameterization of the used systems, setting up the necessary links, creation of the necessary databases (with initial meta-data / ontology), and populating these information structures.
Base functionality supporting the VBE operation and evolution -This phase requires support for: (i) Management of competencies and assets, (ii) Registration of new members (including profiling, characterization of competencies, products, services, etc.), (iii) Assisting VO creation, (iv) Incremental generation / evolution of meta-data / ontologies for the domain / sector, (v) Keeping records of past performance and collaboration processes, (vi) Assessment and assistance tools, (vii) Collaboration support (e.g. newsgroups, discussion forum, common information repositories, etc.), (viii) Management and evolution of working and sharing principles and rules, (ix) Acquisition and management of common knowledge and assets.
Base functionality supporting the VBE metamorphosis -This phase will require assistance for the design of the aimed new organizational structure, selection and reorganization of the information and knowledge collected during the VBE operation and that might be transferred to the new organization, analysis and adjustment to the new context, etc. In the case of VBE dissolution there is a need to plan the transfer of its collected knowledge, information, bag of assets to its members or another organization based on defined agreements.
VO CREATION PROCESS
As mentioned above, in ECOLEAD the VO creation process is considered to happen in the context of a VO Breeding Environment. This long term collaborative association is composed of organizations that are prepared to collaborate and thus rapidly respond to a collaboration opportunity.
As illustrated in Fig. 5 , it shall be noted that VBE creation and VO creation are different processes, triggered by different motivations. A VBE is created as a long term "controlled border" association and its members are recruited from the "open universe" of organizations according to the criteria defined by the VBE creators or administrators. A VO is a temporary organization triggered by a specific business / collaboration opportunity. Its partners are primarily selected from the VBE members. In case there is a lack of skills or capacity inside the VBE, organizations can be recruited from outside. For difficulties of preparedness, trust, etc, this last category will, of course, be the last resort. In this context an in order to better identify the necessary support functionality, the following main steps (Fig. 6) • Collaboration Opportunity Characterization: this step involves the identification and characterization of a new Collaboration Opportunity (CO) that will trigger the formation of a new VO. A collaboration opportunity might be external, originated by a customer and detected by a VBE member acting as a broker. Some opportunities might also be generated internally, as part of the development strategy of the VBE.
• Draft VO planning: determination of a rough structure of the potential VO, identifying the required competencies and capacities, as well as the organizational form of the VO and corresponding roles. At this stage it is important to define the partnership form which is typically regulated by contracts and cooperation agreements.
Other issues to be considered at this stage: Identification of needed competencies and capacities, Rough VO structure / topology / levels and associated roles, macro governance rules, Representation of rough VO model, Top-down (planning) vs. bottom-up (emerging), Simulation (to assess different configurations), etc. Main roles involved in this step: Broker role and VO planner role.
• Partners search and selection: perhaps one of the most addressed topics in past research, this step is devoted to the identification of potential partners, and their assessment and selection. Issues to consider: Elements for search and selection (technical, economical, reliability indicators, preferences); matching algorithms; (multi-criteria) selection criteria; optimization; assessment (preparedness, etc), consideration of collaboration history; external search (if the internal offer is insufficient); etc.
Multiple strategies / algorithms can be considered to support this task (Jarimo, Pulkkinen, 2005; Li et al., 2000) . For instance a frequent solution follows a topdown approach in which the VO planner designs the VO, deciding on which roles and selecting the partners that best fit his plan. An alternative, as mentioned above, would be a bottom-up (competition) approach in which the VO planner or the broker announces the collaboration opportunity to the VBE and waits till some consortia spontaneously form (by the initiative of some members) and then analyzes their global bids. Indicators based on past performance of VBE members are important elements during the phase of partners' selection for a VO (examples based on a real VBE, Virtuelle Fabrik, in Fig. 7 and Fig. 8 ). Nevertheless, it is not only in the creation phase that the selection is important, as in the operation phase it might be also necessary to find a new partner to execute some sort of task that no other partner can perform; or even there might be the case where a partner needs to be replaced. The main roles involved are the VO planner role, the VBE member role, and in some cases the broker.
• Negotiation: is an iterative process to reach agreements and align needs with offers. It can be seen as complementary to the partners' selection process and might in fact require going back to the previous step(s) if a solution cannot be found with the current configuration of partners. Important issues to consider at this stage include: Determination of the objects of negotiation; Negotiation protocols; Decision making process and corresponding parameters; Representation of agreements; etc. business process (BP) negotiation, i.e. BP refinement and assignment to partners may also be considered at this stage (if not in the detailed VO planning). The main roles intervening in this step are the VO planner role, and the VBE member role.
• Detailed VO planning: once partners have been selected and collaboration agreements are reached, this step addresses the refinement of the VO plan and its governance principles. This step involves the business / collaboration process modeling (depending on the type of collaboration -BP, collaborative project, collaborative problem solving, ...); Final VO representation; Assignment of roles and responsibilities; Definition of sharing principles, access levels (assets/resources, intellectual property, benefits,...), preliminary operating policies; etc. The main contributors to this step are the VO planner role, and the VBEE member role.
• Contracting: involves the formulation and modeling of contracts and agreements as well as the contracting process itself, before the VO can effectively be launched. A contract in this context is an agreement between two or more competent parties in which an offer is made and accepted. A contract defines the duties, rights and obligations of the parties, remedy clauses as well as other clauses that are important to characterize the goal of the contract. An agreement is an arrangement between parties regarding a method of action. The goal of this arrangement is to regulate the cooperation actions among partners, and it is always associated to a contract.
In addition to the definition of the types of contracts and their representation, this step needs to deal with: Contracting process (manual, e-contracting); Contract enforcement mechanisms and institutions; Legal issues; etc. This step needs to be performed in close interaction (in parallel) with the Negotiation and Detailed VO Planning steps. Main roles involved: VO planner role, VBE member role, and VO coordinator.
• VO launching: the last phase of the VO creation process, i.e. putting the VO into operation, is responsible for tasks such as configuration of the ICT infrastructure, instantiation and orchestration of the collaboration spaces, assignment and set up of resources / activation of services, notification of the involved members, and manifestation of the new VO in the VBE. Main roles to be involved in this step: VO coordinator, VBE member role, and possibly the VBE administrator.
SUPPORT INFORMATION AND FUNCTIONALITY
Based on the process and requirements described above, a number of support functionalities and information models can be identified (CamarinhaMatos et al., 2005c) .
As preparatory specification tools and mechanisms (supporting the first two steps), the following examples have been identified: CO identification, characterization and representation tools; CO feasibility analysis; Rough VO architecture design (structure, topology, main roles); Identification of needed competencies and capacities; Rough collaboration process modeling; and Simulation for preliminary assessment. Main information models for this phase include: Collaboration opportunity model, Rough collaboration process model, required partner(s) profile template, and VO structure template.
As consortium formation tools (next two steps), we can consider functionalities and mechanisms for: Partners search and selection (internal to VBE and external); Assessment of partners preparedness / fitness; Specification of preferences; Negotiation protocols and methods. Main information models for this phase include: A record of collaboration history, members profiles, agreements template, etc.
Some other support tools are important to help the detailed planning and contracting, such as for instance: Mechanisms to assign roles and responsibilities; Definition of operating rules for the VO; Contract modeling; and support the contracting process. Main information models for this phase include: VO structure template, Collaborative process (or business process) model, Contract template.
Finally as finalization tools we could refer: Configuration and setup of the infrastructure and resources; Manifestation of the VO; Notification of the partners; estimation of expected partners' performance; etc. Main information model for this phase is the detailed or actual VO model.
Several of these needed functionalities have, in fact, being extensively analyzed in the past and it is now mostly a matter of integration. There are, however, some that require more research and innovative approaches. In this context, and as a result of extensive interaction with industry end-users, the current prototyping developments in ECOLEAD consortium (by different partners) regarding a VO creation framework are focused on the following tools:
• Collaboration opportunities (CO) identification. This service, based on web crawling techniques, tries to find collaboration / business opportunities on the web.
• CO characterization and rough planning.
Modeling the collaboration opportunities, characterizing the required partnership, and supporting the bid / quotation preparation are covered here.
• Partners search and suggestion. This service focuses on ranking / determining the universe of potential partners for the VO tasks, and the negotiation process.
• Contract negotiation wizard, including support for virtual negotiation space and contract modeling.
CONCLUSIONS
The time and amount of resources consumed during the virtual organization creation process whenever a business/collaboration opportunity is acquired, give a good indication of the level of agility of a collaborative ecosystem. The effectiveness of this process mainly depends on the availability of adequate information about potential partners and their level of preparedness for VO involvement. The existence of a VO breeding environment facilitates these requirements and thus enables truly dynamic VOs. The ECOLEAD approach to VO creation is developed under such assumption, takes into account empirical evidence from several existing networks, and proposes a detailed process covering all required steps from the identification of the collaboration opportunity till the actual launching of the VO that will exploit that opportunity.
While most of the previous works have been focused on particular aspects and namely on the partners' selection, one of the innovative contributions of this work is the consideration of the full process under real world constraints. The introduction of the breeding environment context also brings another element of realism and innovation, solving various difficulties faced by previous approaches. Ongoing research is aimed at developing a full VO creation framework and corresponding support tools.
